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Аnnotation In the paper separation of charged and neutral fractions of arabinogalactan
and galactoglucomannan in size-exclusion chromatography of polysaccharides due to influence of
electrostatic effects were determined. This phenomenon based on increasing of geometrical size of
charged macromolecules via appearance of polyelectrolyte expansion effect in water solutions.
Water was used as eluent
Keywords: polysaccharides, arabinogalactan, galactoglucomannan, exclusion
chromatography, electrostatic effects, polyelectrolyte expansion.
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Аннотация
Мақолада
арабиногалактан
ва
галактоглюкоманнан
полисахаридларини эксклюзив хроматографияда электростатик эффектлар таъсири
натижасида зарядланган ва нейтрал фракцияларга ажралиши аниқланган. Бу ходиса сувли
эритмаларда зарядланган макромолекулаларининг полиэлектролит бўкиш эффектининг
содир бўлиши туфайли уларнинг геометрик ўлчамларини ортишига асосланган. Элюент
сифатида сув ишлатилган.
Калит сўзлар: полисахаридлар, арабиногалактан, галактоглюкоманнан, эксклюзив
хроматография, электростатик эффект, полиэлектролит бўкиш
ИССЛЕДОВАНИЕ ЭЛЕКТРОСТАТИЧЕСКИХ ЭФФЕКТОВ В ЭКСКЛЮЗИОННОЙ
ХРОМАТОГРАФИИ РАСТИТЕЛЬНЫХ ПОЛИСАХАРИДОВ
Боймирзаев Азамат Солиевич1, Собиров Собитхон Муродулло ўғли2
1. Наманганский инженерно-технологический институт
Доктор химической наук, профессор.
2. Наманганский инженерно-технологический институт
Ассистент
Аннотация В статье определены разделение на отдельные заряженные и
нейтральные фракцииполисахаридов арабиногалактана и галактоглюкоманнана
вследствия влияния электростатических эффектов в эксклюзионной хроматографии.
Данное явление основано на увелечении геометрических размеров заряженных
макромолекул за счет появления эффекта полиэлектролитного набухания в водных
растворах. В качестве элюента использовали воду.
Ключевые
слова:
полисахариды,
арабиногалактан,
галактоглюкоманнан,эксклюзионная хроматография, электростатические эффекты,
полиэлектролитное набухание
Size-exclusion chromatography (SEC) is one of the most powerful analytical
techniques for investigation and determination of molar mass distribution of polymers
[1,2]. Compared to other methods of analysis such as osmometry or static light scattering,
it has the advantage that it determines complete distributions of molar masses as opposed
to merely an average molecular weight. The chromatographic behavior of solutes
separated by SEC can be described by the general chromatographic equation:
K SEC = (VR-Vo) / (Vt-Vo),
(1)
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where VR is the measured peak elution volume, Vt the total column volume, and Vo the
exclusion (or void) volume.
SEC with multi-angle light scattering detection (SEC-MALLS) is a vital technique
for the characterization of polysaccharides. Polysaccharides are typically polydisperse,
exhibiting a wide range in molar mass, sequence, and structure. Information as to size,
structure and conformation is useful in order to better understand the solution behavior,
intra-and intermolecular interactions, rheology, and function. Industrial polysaccharides
find use in pharmaceutics and cosmetics, as well as in foods, beverages, detergents,
textiles, paper, and paint, to name a few. Industrial polysaccharides include, but are not
limited to, such materials as native and modified starches, dextrins, dextrans, glucans,
pullulans, modified celluloses, pectins, carrageenans, and gums from microbial and plant
seed sources. Information as to size, structure and conformation is useful in order to better
understand the solution behavior, intra-and intermolecular interactions, rheology, and
function. SEC-MALLS permits the determination of molar mass and size from the
measurement of scattered light as a function of angle.
With carbohydrates, having a high proportion of hydroxyl and other polar groups,
adsorption or electrostatic interaction to a polar matrix is likely to influence retention. In
the case of polysaccharides, also intermolecular electrostatic interactions have to be
considered. In such cases, not only the appropriate choice of the mobile phase, but also the
choice of stationary phase is particularly important. The aim of this study was to conduct
investigation of the electrostatic interactions, such as polyelectrolyte expansion effect of
galactoglucomannan (GGM) and arabinogalactan (AG) in aqueous SEC with dual
detection.
The SEC system was composed of an Agilent 1100/1260 Series chromatograph with
a quaternary pump with degasser (G1311B), an auto sampler (G1329A), two Ultrahydrogel
Linear columns (300 x 8 mm) from Waters (USA) connected in series, a differential
refractometer (RID10A, Shimadzu), and a three angle light scattering detector (Mini
DAWN TriStar, Wyatt Technology Corporation, USA) with a semiconductor laser diode at
690 nm. Larch AG (Ara: Gal) = 15:85 was obtained from Megazyme International Ireland
Ltd., Ireland. Spruce GGM was isolated from spruce sapwood sawdust with pressurized
hot water at 170°C during 20 min, precipitated to ethanol: water (85:15% v/v), filtrated and
dried in vacuum-dessicator at 40°C according to Tao Song et al.[3] Spruce GGM isolated
from spruce thermomechanical pulp with distilled water at 60°C for 3 h under agitation as
described by Sundberg et al. [4].
Fig.1 presents the combined elution profiles of larch AG at three injected sample
concentrations 1, 2, and 4 g/L. The chromatograms consist of at least three distinct
fractions and two of them are early-eluted peaks belonging to ionic species of AG in water.
The decrease in retention volume of early eluted multiple peaks with reduction of injected
sample concentration indicated the presence of polyelectrolyte expansion effects in the
system. The decrease of the concentration in the injected sample leads to an increase of the
size of the macromolecules and to their early elution, correspondingly the retention
volume will be decreased.
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Retention time, min
Fig.1 –Elution profiles of larch arabinogalactan (Megazyme) M w=40 kDa at 3 injected
concentrations. Eluent: H2O. Detector: RI.
Intermolecular electrostatic interactions or polyelectrolyte expansion effects in SEC of
charged polymers are seen in the concentration effects as a decrease in the retention
volume (VR) with reduction of injected sample concentration C. Hydrodynamic volume or
geometric size of polymers in solution is directly related to their intrinsic viscosity.
Reduced viscosity ηS/С of neutral polymers in solution is related to intrinsic viscosity [η]
by the standard Huggins equation:
ηS/С = [η] +kH [η]2C
(1)
where C is the concentration of polymer in solution and kH is the Huggins coefficient.
According to the theory of polymer solutions, the hydrodynamic radii Rh of neutral
polymers can be characterized by the following equation:
Rh ≈ (Vh )1/3 ≈ [M([η])]1/3 ≈ [M(ηs/С)] 1/3
(2)
where M - molar mass of polymer, Vh -hydrodynamic volume.
For polyelectrolytes, Fuoss and Strauss long ago proposed following an empirical
relationship to replace the Huggins formula [5]:
ηs/C = [η]/(1+B C1/2)
(3)
where A and B are constants. From combining relations (2) and (3) for the dependence of C
follows that Rh can be determined as:
Rh ≈ [(M[η]/(1+B C1/2)]1/3
(4)
The relationship (4) indicates dependence of the sample concentration C from the
hydrodynamic size of ionic groups of the polysaccharides.
The same effect as described above appeared in the SEC analysis of GGM in pure water.
As shown in the chromatogram of GGM (Fig.2) in pure water, multimodal peaks
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Retention time, min
Fig.2 – Elution profiles of galactoglucomannan isolated from spruce wood with hot-water
extraction Mw=20 kDa. Eluent: H2O
were detected: the first asymmetric peaks are separated from symmetric neutral species
and the retention volume of the main neutral peak did not change with the decrease in the
injected sample concentration. The retention volumes of the asymmetrical early eluted
peaks decreased with the reduction of concentration of the solutes and the elution profiles
of GGM in the chromatograms indicate that part of the polysaccharide molecules are
charged and eluted earlier than the neutral fraction. Asymmetric and multimodal
distribution profiles received at different sample concentrations also indicate the
polyelectrolyte expansion nature of charged species. Asymmetric and multimodal
distribution profiles received at different sample concentrations of
Carboxymethylcellulose (CMC) also indicate the polyelectrolyte expansion nature of
charged species in macromolecules (Fig.2). Physicochemical properties such as structure,
molecular weight and shape or conformation are primary factors controlling their
functional properties. A typical molar mass sensitive detector is a multi angle laser light
scattering (MALLS).

Fig.3.
Elution
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profiles of CMC in 0,1 M NaNO3. Detector: a) MALLS, b) RI.
This detector has the advantage of providing structural information in addition to the
molar masses. Analysis of CMC by SEC in 0,1 М NaNO3 solutions were complicated by
presence of the low amount associates forming due to intermolecular interactions [4]. To
avoid of the aggregates of macromolecules Hoogendam C.W [5] demonstrated that the
solutes Na-CMC in first step were prepared in pure water, after 0.1 M NaNO3 were added
to sample solution.
Fig.4.
Elutio
n
profile
s of
CMC
in 0,1
M
NaCl.
Detect
or: a)
MALLS, b) RI.
We have received bimodal chromatograms of CMC from MALLS detector in SEC analysis
when used of water consisting NaNO3 with concentration 0,1 mol/l (Fig.3). Same result
was occurring, when we used 0,1M NaN3 in water as eluent. But when 0,1M NaCl was
used first peak in the chromatogram is disappeared indicating that formation of molecular
aggregates not realized and further investigations on SEC of cellulose derivatives were
conducted using 0,1M NaCl in water (Fig.4). Second, the presence of microgels as a result
of small but significant amounts of very high molecular weight CMC was detected using a
MALLS detector as first peak in chromatogram.
Conclusions. Elution properties of plant polysaccharides have been studied by
SEC/MALLS/RI. In pure water as eluent acidic species in content of these polysaccharides
will lead to polyelectrolyte effects, particularly polyelectrolyte expansion and in result to
early elution of charged molecules. Neutral fractions of GGM and AG are separated from
charged fractions according to size-exclusion mechanism in H2O.
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